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(54) Color cathode ray tube 

(57) A shadow mask (7) Includes a shadow mask 
body (14) opposed to a phosphor screen , and its pe- 
ripheral portion is fixed to a mask frame. The shadow 
mask body includes a rectangular effective portion (13) 
that is formed having a large number of electron beam 
passage apertures (12). The effective portion has a ma- 
jor axis and a minor axis that pass through its center and 



extends at right angles to each other. The shadow mask 
comprises an auxiliary mask (21) fixed to a region that 
contains the minor axis of the effective portion of the 
shadow mask body. The auxiliary mask is in the form of 
a strip that extends long in the direction of the minor axis 
and has a large number of electron beam passage ap- 
ertures that communicate individually with the electron 
beam passage apertures of the effective portion. 




FIG. 3A 
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Description 

[0001] The present invention relates to a color cath- 
ode ray tube provided with a shadow mask. 
[0002] In general, a color cathode ray tube is con- 
structed so that electron beams emitted from an electron 
gun are deflected in the horizontal and vertical directions 
by means of horizontally and vertically deflecting mag- 
netic fields that are generated by a deflection yoke, and 
scan a phosphor screen horizontally and vertically 
through a shadow mask, thereby displaying a color Im- 
age. 

[0003] The shadow mask is used for color sorting 
such that the electron beams are landed on specific 
phosphor layers, and is located in a predetermined po- 
sition relative to the phosphor screen. However, the 
shadow mask undergoes thermal expansion as it is hit 
by the electron beams, so that its position relative to the 
phosphor screen is shifted. Examples of measures to 
counter this problem are proposed in Jpn. Pat. Appln. 
KOKAI Publications Nos. 60-243945 and 5-41179 and 
Jpn. UM Appin. KOKAI Publication No. 2-143759. Ac- 
cording to these measures, a part of the shadow mask 
that is susceptible to thermal expansion is doubled in 
structure so that its heat capacity and strength are in- 
creased. 

[0004] In prevailing colorcathode ray tubes, the shad- 
ow mask is formed of a material with a low coefficient of 
thermal expansion, such as an Invar material, or its 
curved surface is deliberately shaped to cope with the 
problem of thermal expansion. 

[0005] On the other hand, flat tubes have recently 
started to spread. One such flat tube is a cathode ray 
tube of which the outer surface of the panel is substan- 
tially flat, having a radius of curvature of 1 00 m or more. 
Usually, an effective portion of the shadow mask in 
which electron beam passage apertures are formed has 
a flat shape corresponding to the shape of the inner sur- 
face of the panel. Accordingly, the shadow mask of the 
flat tube has a curvature smaller than that of a shadow 
mask of a conventional colorcathode ray tube of which 
the outer surface of the panel is curved. 
[0006] If the curvature of the shadow mask is reduced 
in this manner, it is hard for the shadow mask itself to 
maintain its curved surface, resisting the shadow mask 
own weight or external force. If the curved surface re- 
tention of the shadow mask (hereinafter referred to as 
mask strength) is low, the curved surface of the shadow 
mask is inevitably deformed by a small external force 
that acts on it during the manufacture or transportation. 
A deformation of the shadow mask changes the dis- 
tance between the electron beam passage apertures 
and the inner surface of the panel. 
In consequence, the electron beams fail to be landed 
on the specific phosphor layers, thereby causing a color 
drift. 

[0007] If the mask strength is low, moreover, the 
curved surface of the shadow mask easily resonates 
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with vibrations, such as the sound from a speaker, when 
the mask is incorporated in a TV set or the like. If the 
shadow mask resonates, unnecessary light and shade 
appear on the screen plane, leading to a lower quality 
5 image. 

[0008] The easiest method to prevent lowering of the 
mask strength is to thicken the shadow mask. However, 
if the thickness of the shadow mask is increased, etch- 
ing control during the manufacture of the mask is so dif- 
10 ficult that the electron beam passage apertures are sub- 
ject to substantial Irregularity In diameter. In conse- 
quence, the yield of production of shadow masks and 
color cathode ray tubes lowers, uneven display is 
caused, and the image quality level is lowered. 
15 [0009] The present invention has been contrived in 
consideration of these circumstances, and its object Is 
to provide a color cathode ray tube provided with a shad- 
ow mask having satisfactory strength and capable of 
producing images of higher quality levels. 
20 [0010] In order to achieve the above object, a color 
cathode ray tube according to an aspect of the Invention 
comprises a panel provided with a phosphor screen, an 
electron gun configured to emit an electron beam toward 
the phosphor screen, and a shadow mask assembly lo- 
ss cated between the phosphor screen and the electron 
gun. The shadow mask assembly Includes a shadow 
mask body having a rectangular effective portion op- 
posed to the phosphor screen and formed having a 
number of electron beam passage apertures, the effec- 
30 tive portion having a major axis and a minor axis passing 
through the center thereof and extending at right angles 
to each other, a mask frame to which the periphery of 
the shadow mask body is fixed, and an auxiliary mask 
in the form of a strip long in the direction of the minor 
35 axis, fixed to a region containing the minor axis of the 
effective portion, and having a number of electron beam 
passage apertures communicating individually with the 
electron beam passage apertures of the effective por- 
tion. 

40 [0011] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0012] The invention can be more fully understood 
45 from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a sectional view containing the major axis 
of a color cathode ray tube according to an embod- 
50 iment of the invention; 

FIG. 2 is a sectional view containing the minor axis 
of the color cathode ray tube; 
FIG. 3A is a perspective view schematically show- 
ing a shadow mask of the color cathode ray tube; 
55 FIG. 3B is an enlarged plan view showing a portion 
NIB of FIG.3A; 

FIG. 4 is a sectional view taken along the major axis 
of the shadow mask; 
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FIG. 5 is a sectional view taken along the minor axis 
of the shadow mask; 

FIG. 6 is an enlarged sectional view showing a 
shadow mask body and an auxiliary mask that con- 
stitutes the shadow mask; 

FIG. 7 Is a plan view showing the relation between 

the respective effective dimensions of the shadow 

mask body and the auxiliary mask; 

FIG. 8 shows a characteristic curve representing 

the relation between the width of the auxiliary mask 

and shadow mask displacement; 

FIG. 9A is a plan view showing an aperture array of 

the shadow mask body; 

FIG. 9B is a plan view showing an aperture array of 
the auxiliary mask; 

FIG. 9C Is a plan view showing the way the respec- 
tive apertures of the shadow mask body and the 
auxiliary mask are superposed on one another; 
FIG. 1 0A is a plan view showing another example 
of the aperture array of the shadow mask body; 
FIG. 1 0B Is a plan view showing another example 
of the aperture array of the auxiliary mask; 
FIG. 10C is a plan view showing another example 
of the way the respective apertures of the shadow 
mask body and the auxiliary mask are superposed 
on one another; 

FIG. 11 is a plan view showing the shadow mask 
body prior to press forming; 
FIG. 12 is a plan view showing the auxiliary mask 
prior to press forming; 

FIG. 13 is a plan view showing the shadow mask 
body of FIG. 11 and the auxiliary mask of FIG. 12 
fixed to each other; 

FIG. 14 is a sectional view showing a pressing ap- 
paratus and the shadow mask set in the pressing 
apparatus; 

FIG. 15 is a sectional view showing a shadow mask 
according to another embodiment of the invention; 
and 

FIG. 16 is a sectional view showing the body of a 
shadow mask and an auxiliary mask according to 
still another embodiment of the invention. 

[001 3] Color cathode ray tubes according to embodi- 
ments of the present invention will now be described in 
detail with reference to the accompanying drawings. 
[0014] As shown in FIGS. 1 and 2, a color cathode ray 
tube comprises an envelope 9, which includes a rectan- 
gular panel 1 , a funnel 3 bonded to a skirt portion 2 of 
the panel 1 , and a neck 4 extending from the funnel 3. 
Th panel 1 has its major axis extending in the horizon- 
tal-axis (X-axis) direction and its minor axis in the verti- 
cal-axis (Y-axis) direction. A phosphor screen 5 is 
formed on the inner surface of the panel 1. Further, a 
shadow mask assembly 6 that functions as a color-sort- 
ing electrode is locat d inside the panel 1 . 
[0015] The shadow mask assembly 6 includes a 
shadow mask 7 and a rectangular mask frame 8 having 
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an L-shaped cross section. The shadow mask 7 is 
formed having a large number of apertures that serve 
as electron beam passage apertures. The periphery of 
the mask 7 is fixed to the mask frame 8. The shadow 

s mask assembly 6 is support d inside the panel 1 in a 
manner such that elastic supports on the sldewalls of 
the frame 8 are engaged with stud pins that are set up 
on the skirt portion 2 of the panel 1 . 
[001 6] Located in the neck 4 is an electron gun 1 0 that 

10 emits three electron beams BR, BG and BB arranged in 
UneontheX-axIs. Further, a deflection yoke 11 Is mount- 
ed on the outside of the funnel 3. In the color cathode 
ray tube, the deflection yoke 11 deflects the electron 
beams BR, BG and BB that are emitted from the electron 

*5 gun 10. An image is displayed as the phosphor screen 
5 Is scanned horizontally and vertically with the electron 
beams that are passed through the shadow mask as- 
sembly 6. 

[0017] In the case of a 32-inch wide-type color cath- 

20 ode ray tube with an aspect ratio of 1 6:9 and an effective 
screen dimension of 76 cm, the outer surface of the pan- 
el 1 is substantially flat, having a curvature radius of 
100,000 mm. The inner surface of the panel 1 is sub- 
stantially cylindrical, having a curvature radius of about 

25 7,000 mm on and along the X-axis and a curvature ra- 
dius of about 1 ,500 mm on and along the minor axis Y. 
[0018] As shown in FIGS. 3A to 7, the shadow mask 
7 comprises a shadow mask body 14 in the shape of a 
predetermined curved surface and an auxiliary mask 20 

30 fixed partially overlapping the shadow mask body. A 
hatched region in FIG. 3A indicates a double-structure 
portion in which the auxiliary mask 20 is fixed to the 
shadow mask body 14. Thus, the shadow mask of the 
present embodiment partially has a double structure. In 

35 this specification, a mask that has an effective portion 
corresponding to the whole area of the display screen 
is referred to as "shadow mask body 14," while a mask 
that Is used to form the partial double structure is re- 
ferred to as "auxiliary mask 20." 

40 [0019] The shadow mask body 14 has a rectangular 
effective portion 1 3 that is formed having a large number 
of apertures 12 through which the electron beams are 
passed, and a non-effective portion 15 that surrounds 
the effective portion 13. The non-effective portion 15 is 

45 composed of an aperture-free portion 1 6 that has no ap- 
ertures 12 and a skirt portion 1 7 that extends in the di- 
rection of a tube axis Z from the outer periphery of the 
aperture-free portion 16 in a bent manner. 
[0020] In the shadow mask 7, each aperture 12 for 

50 use as an electron beam passage aperture is made to 
be rectangular or circular, according to the purpose of 
use. In the present embodiment, as shown in FIG. 3B, 
each aperture 12 of the shadow mask body 14 is sub- 
stantially in the shape of a rectangle of which the width 

55 direction corresponds to the direction of the major axis 
X of the effective portion 13. The apertures 12 are ar- 
ranged in a manner such that a number of straight ap- 
erture array, extending in the direction of the minor axis 
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Y of the effective portion 1 3, are arranged at given pitch- 
es PH in the dir ction of the major axis X. Each aperture 
array includes a plurality of apertures 12 that are ar- 
ranged straight in the direction of the minor axis Y with 
bridges 18 between them. 

[0021] As shown In FIG. 6, each aperture 12 Is a 
through hole that is formed of a substantially rectangular 
larger hole 19a and a substantially rectangular smaller 
hole 1 9b, The larger hole 1 9a opens on the side of the 
phosphor screen 5 of the shadow mask body 14, and 
the smaller hole 19b on the electron-gun side. In aper- 
tures 12 that are situated nearer to the periphery of the 
picture plane, a center C2 of the larger hole 1 9a, com- 
pared with a center C1 of the smaller hole 1 9b, is shifted 
with a greater eccentricity A on the peripheral side of the 
screen. This Is done In order to restrain each electron 
beam having passed through the smaller hole 1 9b from 
running against and being reflected by the innersurface 
of the aperture 12, thereby causing unnecessary irradi- 
ation on the screen. The larger hole 19a is offset with 
respect to the smaller hole 19b in both the respective 
directions of the minor axis Y and the major axis X. Thus, 
the shadow mask is formed as a so-called off-center 
mask. 

[0022] The shadow mask body 1 4 may be a structure 
with a thickness of about 0.1 to 0.25 mm that is formed 
of a steel material or a metallic material such as Invar 
(Fe-36%Ni alloy), a well-known low-expansion material. 
[0023] As shown in FIGS. 4 to 6, the auxiliary mask 
20 is fixed to the electron-gun-side surface of the shad- 
ow mask body 1 4 so as to overlap a region that contains 
the minor axis Y, not the entire effective portion 13. The 
auxiliary mask 20 is in the form of a strip that is long in 
the direction of the minor axis Y. A width LH 1 of the mask 
20 in the X-axis direction is smaller than an X-direction 
dimension LH2 of the effective portion 1 3 of the shadow 
mask body 14, and an outside dimension LV1a in the 
direction of the minor axis Y is greater than a dimension 
LV2 of the effective portion of the shadow mask body 14 
in the direction of the minor axis Y. Further, the auxiliary 
mask 20, like the shadow mask body 14, has an effec- 
tive portion 21 that is provided with a large number of 
apertures 26 corresponding to the apertures 12 of the 
shadow mask body 14 and non-effective portions 22 
that are situated individually on the opposite ends of the 
skirt portion 2 in the direction of the minor axis Y. The 
shadow mask 7 having the partial double structure is 
formed as the auxiliary mask 20 is superposed and fixed 
on the region that contains the minor axis Y. 
[0024] As shown in FIG. 5, each non-effective portion 
22 includes an aperture-free portion 23 continuous with 
the effective portion 21 and a skirt portion 24 extending 
from the aperture-free portion 23. With use of the skirt 
portion 24, the entire region of the shadow mask 7 on 
the minor axis Y has a double structure, which ensures 
better strength. Other advantages of the use of the skirt 
portion 24 will be mentioned later. 
[0025] The following is a description of a specific con- 
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figuration. The shadow mask body 1 4 Is formed of Invar 
(Fe-36%NI alloy) with a thickness of 0.18 mm. The ef- 
fective portion 13 is a rectangular structure having the 
X-direction dimension LH2 of 622 mm and Y-direction 

s dimension LV2 of 356 mm. Th ff ctive portion 13 is 
formed having a large number of straight aperture lines 
in which the apertures 1 2 are arranged at pitches of 0.6 
mm in the direction of the minor axis Y with the bridges 
1 8 between them. These aperture lines are arranged at 

10 variable pitches that become greater as the periphery 
in the major-axis direction Is approached so that the X- 
direction pitches PH near the minor axis Y are 0.75 mm 
and the pitches PH near the periphery in the X-direction 
are 0.82 mm. 

15 [0026] The X-direction dimension of the larger hole 
1 9a is 0.46 mm on the minor axis Y and 0.50 mm In the 
X-direction peripheral portion. The X-direction dimen- 
sion of the smaller hole 19b is 0.18 mm on the minor 
axis Y and 0.20 mm in the X-direction peripheral portion. 

20 |f an electron beam are incident at an angle of 46° upon 
the apertures In the X-dlrection peripheral portion, the 
eccentricity A of the center C2 of the larger hole 19a with 
respect to the center C1 of the smaller hole 19b is 0.06 
mm in the X-direction peripheral portion. 

25 [0027] The auxiliary mask 20, like the shadow mask 
body 14, Is formed of Invar (Fe-36%Nl alloy) with a thick- 
ness of 0.25 mm. The X-direction dimension LH1 of the 
effective portion 21 is 120 mm, the outside dimension 
LV1a of the auxiliary mask 20 in the direction of the mi- 

30 nor axis Y is 381 mm, and a dimension LV1 b of the ef- 
fective portion 21 in the direction of the minor axis Y is 
358 mm. Since an outside dimension LH3 of the shadow 
mask body 1 4 in the X-axis direction is 665 mm, the ratio 
between the X-direction dimension LH1 of the effective 

35 portion 21 of the auxiliary mask 20 (i.e., the width of the 
auxiliary mask) and the X-direction outside dimension 
LH3 of the shadow mask body is about 1:5. Thus, the 
auxiliary mask 20 covers a central portion of the shadow 
mask body 14 that occupies about 1/5 of the whole area 

40 of the shadow mask body, thereby forming a double 
structure. 

[0028] The shape and arrangement pitch of the aper- 
tures 26 in the auxiliary mask 20 can be suitably set as 
long as the mask 20 can function as a shadow mask. If 
45 there is no special problem, they may be set in the same 
manner with those of the shadow mask body 14. 
[0029] The shadow mask 7 is thus formed partially 
having the double structure on account of the result of 
the following examination conducted by the inventors 
so hereof. 

[0030] The inventors hereof examined the relation be- 
tween the curved configuration and mechanical strength 
of the shadow mask by simulation. Thereupon, an inter- 
mediate portion that contains the minor axis Y of the 
55 shadowmaskwasfoundtobelowinstrength. Morespe- 
cifically, when a certain load was applied to the whole 
area of the shadow mask, the displacement of the shad- 
ow mask was greater in the central part of the effective 
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portion and smaller In the peripheral part of the effective 
portion . Thus, the strength of the shadow mask was low- 
er in the central part of the effective portion and higher 
in the peripheral part of the effective portion. It was found 
that the intermediate portion between the mask center 
and the periphery was particularly fragile on the minor 
axis Y of the effective portion. 

[0031] The strength of the peripheral part of the effec- 
tive portion of the shadow mask is thus Increased be- 
cause the peripheral part of the effective portion is bent 
to form the skirt portion that is fixed to the mask frame 
by welding. The strength of the central part of the effec- 
tive portion is low because the central part of the effec- 
tive portion that determines the image quality level has 
no bent structure. Accordingly, the inventors hereof tried 
to improve the strength by providing the shadow mask 
with a partial double structure, not a bent structure, 
thereby partially increasing the substantial thickness of 
the shadow mask. 

[0032] The mechanical strength can be improved fur- 
therfavorablyby enlarging the area of the auxiliary mask 
20 to a degree such that it covers the entire effective 
portion of the shadow mask body 14. In this case, how- 
ever, the accuracy of position alignment cannot be en- 
sured. 

[0033] If the respective apertures 12 and 26 of the 
shadow mask body 1 4 and the auxiliary mask 20 are not 
aligned with one another when the auxiliary mask 20 is 
fixed to the effective portion 1 3 of the shadow mask body 
14, the shadow mask 7 cannot function satisfactorily. If 
the area of the auxiliary mask 20 increases, the number 
of apertures 1 2 to be aligned within the range of the area 
increases. Thus, it is hard to finely adjust the positions 
of the mask aperture lines and secure accuracy against 
the dislocation of the apertures in the direction of the 
minor axis Y. 

[0034] Accordingly, the inventors hereof further ex- 
amined the width of the auxiliary mask 20 and the mask 
strength. FIG. 8 shows the result of this examination. 
FIG. 8 is a graph showing the relation between the width 
of the auxiliary mask and the mask displacement in the 
case of the 32-inch color cathode ray tube. In FIG. 8, 
the axis of abscissa represents the ratio of the width 
(LH1 ) of the auxiliary mask 20 to the X-direction outside 
dimension LH3 of the shadow mask body 14. The ordi- 
nate axis represents the maximum mask displacement 
that is 0 when the width LH1 of the auxiliary mask 20 is 
increased to the X-direction outside dimension LH3 of 
the shadow mask body 14 and is 1 when no auxiliary 
mask is used. 

[0035] As seen from FIG. 8, the maximum displace- 
ment of the auxiliary mask 20 decreases as its width LH 1 
is increased. If the width LH1 of the auxiliary mask 20 
becomes equal to about 1/3 of the outside dimension 
LH3 of the shadow mask body 14, however, the change 
of the maximum displacement is slowed down. There- 
after, no substantial change is seen. 
[0036] If the width LH1 of the auxiliary mask 20 is in- 



creased, on the other hand, the area of the mask 20 In- 
creases, leading to difficulty in accurate position align- 
ment. It was confirmed, however, that satisfactory accu- 
racy for position alignment can be secured if the width 
LH1 ofth mask20 is within 1/3 of the outside dimension 
LH3 of the shadow mask body 14. 
[0037] Based on this examination result, it is to be de- 
sired that the auxiliary mask 20 should be fixed to the 
central portion of the shadow mask body 14 for a width 
equal to about 1/3 of the outside dimension LH3 of the 
shadow mask body in the direction of the major axis. 
[0038] The auxiliary mask 20 may be divided into a 
plurality of pieces without deviating from the aforesaid 
range. If a plurality of auxiliary masks are used, they re- 
quire additional steps of a fixing operation. Since the 
number of apertures In each auxiliary mask is reduced, 
however, the position alignment accuracy can be im- 
proved, and a cut in the required time for position align- 
ment can be expected. 

[0039] The following is a description of several ele- 
ments that are associated with the auxiliary mask 20. 
[0040] FIG. 7 shows the dimensions of the effective 
portion 21 of the auxiliary mask 20 compared with those 
of the shadow mask body 14. Preferably, as shown in 
FIG. 7, the dimension LV1 b of the effective portion 21 in 
the direction of the minor axis Y Is set to be equal to or 
a little greater than the dimension LV2 of the effective 
portion 13 of the shadow mask body 14 in the direction 
of the minor axis Y. 

[0041 ] Let it be supposed that the respective effective 
portions of the auxiliary mask 20 and the shadow mask 
body 14 are adjusted to the same Y-direction dimension. 
If dislocation in the direction of the minor axis Y occurs 
when the mask 20 is fixed to the shadow mask body 1 4, 
in this case, the substantial effective dimension in su- 
perposed regions is reduced by a margin corresponding 
to the dislocation. If the substantial effective dimension 
in the superposed regions of the shadow mask 7 is re- 
duced, differences in level are inevitably created on the 
long side of the screen at the boundaries between the 
superposed regions and non-superposed regions, so 
that the resulting picture is very unsightly. Thus, the con- 
tinuity of the effective portion of the shadow mask 7, that 
is, the linearity of the outlines of the rectangular effective 
portion, influences the continuity (linearity) of the phos- 
phor screen 5, The Y-direction dimension of the super- 
posed regions is settled by the apertures of the two 
masks 14 and 20, that are located the outermost por- 
tions of the electron beam passage aperture areas in 
the superposed regions and superposed to each other. 
Accordingly, the Y-direction dimension of the super- 
posed regions is expected to be continuous with the Y- 
direction dimension of the effective portion in the adja- 
cent non-superposed regions. 

[0042] In the case where the Y-direction dimension of 
the effective portion of the shadow mask body 14 in the 
superposed regions is different from that of the auxiliary 
mask 20, the substantial dimension of the effective por- 
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tion In the non-superposed regions, on the long side of 
the screen, can be continuously connected to that In the 
superposed regions if dislocation In the direction of the 
minor axis Y is caused between the masks 14 and 20. 
Thus, differences in I vel on the long side of the screen 
can be prevented from being caused. 
[0043] There are two methods for changing the Y-di- 
rection effective dimension in the superposed regions. 
One is based on a countermeasure provided on the 
shadow mask body 14, and the other on the auxiliary 
mask 20. The pattern design of the shadow mask body 
1 4 must be changed in order to partially change the di- 
mension of the effective portion of the shadow mask 
body in the region where the auxiliary mask 20 is fixed. 
Possibly, moreover, the dimension of the effective por- 
tion may be subject to differences In level unless the 
auxiliary mask is accurately located in the region where 
the effective dimension is changed. 
[0044] According to the other method, a large number 
of apertures are previously formed in the same rectan- 
gular region of the shadow mask body 14 as the con- 
ventional one, and the dimension of the effective portion 
of the auxiliary mask 20 in the direction of the minor axis 
Y is adjusted to a large value. In this case, the respective 
aperture patterns of the two masks can be designed with 
ease, and the subsequent position alignment Is easy. 
[0045] For this reason, the latter method is preferred 
to the former. In the embodiment described above, the 
dimension LV2 of the effective portion of the shadow 
mask body 1 4 in the direction of the minor axis Y in the 
superposed regions where the auxiliary mask 20 over- 
laps the shadow mask body 1 4 is made equal to the Y- 
direction dimension of the effective portion in the non- 
superposed regions. Further, the dimension LV1b of the 
effective portion of the auxiliary mask 20 in the direction 
of the minor axis Y is adjusted to a value a little greater 
than the dimension LV2 of the effective portion of the 
shadow mask body 14, whereby misalignment is ab- 
sorbed. 

[0046] Preferably, the auxiliary mask 20 should be 
formed of a materia! that has a coefficient of thermal ex- 
pansion similar to that of the material of the shadow 
mask body 14. Ideally, the two masks should be formed 
of materials that have the same coefficient of thermal 
expansion. This is because the influence of heat treat- 
ment must be taken into account, since the shadow 
mask 7 is subjected to heat of about 400°C during the 
man uf actu re of the co lor cathode ray tube. If the shadow 
mask body 14 and the auxiliary mask 20 have consid- 
erably different coefficients of thermal expansion, a por- 
tion on which the auxiliary mask 20 is stuck becomes 
bimetallic. Thus, the heat-treated shadow mask 7 may 
be deformed or, if not, become unstable in shape. 
[0047] The shadow mask 7 that has a curved surface 
with a short radius of curvature, as in the perfectly flat 
tube of the present embodiment, suffers a distinguished 
color drift that is attributable to thermal expansion. Pref- 
erably, a shadow mask that is formed of a material with 
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a low coefficient of thermal expansion, such as Fe-NI 
alloy, Fe-Ni-Co alloy, or Fe-Ni-Cr alloy, should be used 
for the shadow mask that easily undergoes a color drift 
owing to its shape. 

5 [0048] For this reason, according to the embodiment 
described above, Invar is used for both the shadow 
mask body 14 and the auxiliary mask 20. 
[0049] Since the apertures of the shadow mask are 
formed by etching, the thickness of the mask should be 

10 reduced to ensure a high-precision configuration. Since 
the angle of Incidence of each electron beam on the 
shadow mask is wider in the peripheral portion of the 
screen, moreover, the electron beam is liable to run 
against the inner surface of each aperture. If the electron 

is beam is reflected by the inner surface of each aperture, 
unnecessary irradiation Is caused. If the electron beam 
is intercepted by the inner surface of the aperture, fur- 
thermore, shading of a beam spot called an "eclipse" is 
caused on the phosphor screen. The thicker the shadow 

20 mask, the easier the beam reflection and eclipse occur. 
In order to restrain the occurrence of these phenomena 
also, the shadow mask should preferably be thinner. 
Thus, in consideration of the fact that the strength of the 
shadow mask 7 can be improved by means of the aux- 

25 jiiary mask 20, the shadow mask body 1 4, which has an 
effective portion 13 corresponding to the whole area of 
the screen, should be thinned to ensure a high-precision 
configuration. 

[0050] On the other hand, the auxiliary mask 20 is a 
30 member that is intended for the improvement of the 
strength of the shadow mask 7, so that it should prefer- 
ably be thick. The aforesaid eclipse and the etching 
properties of the apertures are problems to the increase 
of the thickness. Since the auxiliary mask 20 is located 
35 near the minor axis Y of the shadow mask body, how- 
ever, the angle of beam deflection in the direction of the 
major axis X of the electron beams incident upon the 
auxiliary mask is narrow enough to avoid the eclipse. If 
a thick mask is etched, the diameter of the apertures is 
40 large. In the auxiliary mask 20, as mentioned later, the 
aperture diameter in the major-axis direction of the 
shadow mask body can be increased. Thus, increasing 
the thickness of the auxiliary mask 20 arouses no spe- 
cial problem. 

45 [0051] For this reason, the strength of the shadow 
mask can be secured by relatively thinning the shadow 
mask body 14 to realize a high-precision configuration 
and making the thickness of the auxiliary mask 20 equal 
to or thicker than the shadow mask body 14. 

so [0052] At the junction of the auxiliary mask 20 and the 
shadow mask body 14, as shown in FIG. 6, the surface 
of the mask 20 on the side of smaller holes 25b and the 
surface of the mask body 14 on the side of the smaller 
holes 19b are in intimate contact with each other. Ac- 

55 cordingly, the area of contact between the shadow mask 
body 14 and the auxiliary mask 20 is wider than in the 
case wh re the smaller holes 1 9b of the mask body 14 
and their corresponding larger holes 25a of the mask 20 
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are in contact with one another. Thus, the two masks 
can be fixed firmly and securely to each other. 
[0053] Normally, the shadow mask body 1 4 is provid- 
ed with the smaller holes 1 9b on its electron-gun-side 
surface. In the embodiment described above, therefore, 
the auxiliary mask 20 is located on the electron-gun side 
of the mask body 1 4 in order that it can be fixed securely 
and easily. Preferably, in the auxiliary mask 20, each ap- 
erture 26 should be also formed in a manner such that 
the center of the smaller hole 25b on the phosphor- 
screen side is shifted with eccentricity to the center of 
the electron-gun-side larger hole 25a on the peripheral 
side of the shadow mask. 

[0054] Each aperture 26 of the auxiliary mask 20 is 
formed having an X-direction diameter larger than that 
of its corresponding aperture 12 of the shadow mask 
body 1 4. This is done in order to make an allowance for 
dislocation, if any, between the shadow mask body 14 
and the auxiliary mask 20. With respect to the direction 
of the minor axis Y also, the dimension (not shown) of 
each aperture 26 of the auxiliary mask 20 should pref- 
erably be greater than that of each aperture 12 of the 
shadow mask body 14. With respect to the minor-axis 
direction, however, the width of each bridge 18 of the 
shadow mask body 14 is restricted to a substantially 
minimum possible value for manufacture In order to Im- 
prove the brightness of the phosphor screen. Thus, the 
respective Y-direction diameters of the apertures of the 
auxiliary mask 20 and the shadow mask body 14 may 
be identical. 

[0055] Let it be supposed that the pitches of the ap- 
erture lines in the peripheral region of the auxiliary mask 
20 are based on aperture positions as averages of the 
positions of the respective centers of the larger and 
smaller holes. Based on the comparison between the 
corresponding aperture lines of the shadow mask body 
1 4 and the auxiliary mask 20, it is to be desired that an 
aperture line pitch PH2 of the mask 20 should be shorter 
than an aperture line pitch PH1 of the mask body 14, as 
shown in FIG. 6. 

[0056] In the superposed regions of the shadow mask 
body 14 and the auxiliary mask 20, the electron beams 
pass through the two masks. If the angle of incidence of 
the electron beams is wide, as in the case of incidence 
upon the X-direction end portions of the auxiliary mask, 
therefore, the X-direction displacement of the electron 
beams within the mask thickness is substantial. If the 
aperture line pitch PH2 of the auxiliary mask 20 is made 
shorter than the aperture line pitch PH1 of the shadow 
mask body 14, the respective positions of the apertures 
12 and 26 of the mask body 14 and the mask 20 can be 
aligned with the electron beam trajectories, so that the 
occurrence of eclipses of the electron beams orthe like 
can be restrained. 

[0057] If the respective dimensions of the apertures 
of the shadow mask body and the auxiliary mask in the 
direction of the minor axis Y of the shadow mask are 
substantially equal, the aperture pitch of the auxiliary 



mask should preferably be made shorter than that of the 
shadow mask body. 

[0058] The aperture diameter along the minor axis Y 
of the effective portion of one of the two masks, the 
5 shadow mask body 14 and the auxiliary mask 20, is 
made twice or more as large as that of the other mask, 
and each aperture of the one mask is opposed to a 
bridge that is located between each two adjacent aper- 
tures of the other mask. Thereupon, the space between 
io the apertures in the non-superposed regions through 
which the electron beams pass is equal to the space 
between the apertures in the superposed regions, so 
that the influence of the positional accuracy of the aper- 
tures can be lessened. 
is [0059] By way of example, the non-superposed re- 
gions and the superposed regions of the shadow mask 
body 1 4 are previously formed having the aperture lines 
that are composed of the apertures 12 and the bridges 
1 8, as shown in FIG. 9A. As shown in FIG. 9B, moreover, 
a diameter A2 of each aperture 26 of the auxiliary mask 
20 In the direction of the minor axis Y Is made twice or 
more as large as a diameter A1 of each aperture 12 of 
the shadow mask body 14 in the direction of the minor 
axis Y, and an aperture space PV2 in the minor-axis di- 
rection is made to double an aperture space PV1 of the 
shadow mask body 14. 

[006of If the shadow mask body 1 4 and the auxiliary 
mask 20 are joined so that their respective bridges 18 
and 27 are aligned with one another, the number of the 
respective bridges of the two masks that overlap one 
anothercan be reduced, as shown in FIG. 9C. Thus, the 
number of portions that require position alignment be- 
tween the shadow mask body 1 4 and the auxiliary mask 
20 is reduced, so that the influence of the accuracy of 
position alignment can be lessened. 
[0061] In another arrangement, as shown in FIG. 10A, 
a Y-direction space PV3 between the apertures 12 in 
the superposed regions of the shadow mask body 1 4 to 
which the auxiliary mask 20 is fixed is set to be twice as 
large as the Y-direction space PV1 (see FIG. 9A) be- 
tween the apertures 1 2 in the non-superposed regions 
of the shadow mask body 1 4 to which the auxiliary mask 
20 is not fixed. As shown in FIG. 10B, moreover, a Y- 
direction space PV4 between the apertures 26 of the 
auxiliary mask 20 is set to be twice as large as the ap- 
erture space PV1 in the non-superposed regions of the 
shadow mask body 14, and the position of each bridge 
27 of the auxiliary mask 20 is shifted by a 1/2 pitch in 
the direction of the minor axis Y with respect to the po- 
sition of each corresponding bridge 1 8 of the mask body 
14. 

[0062] In the superposed regions that are formed as 
the auxiliary mask 20 is fixed to the shadow mask body 
1 4, according to this arrangement, the apertures 12 and 
26 are divided by the bridges 18 and 27, as shown in 
FIG. 10C, so that the same apertur space in the non- 
superposed regions shown in FIG. 9A can be enjoyed. 
With use of the construction described above, moreo- 
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ver, deviations between the aperture spaces In the su- 
perposed regions can be lessened, so that the allow- 
ance for the dislocation of the apertures of the masks 
can be increased. In consequence, the yield of produc- 
tion can be improved. 

[0063] The shadow mask 7 described above Is man- 
ufactured in the following manner. 
[0064] First, a flat shadow mask body blank 40 and 
an auxiliary mask blank 45 are prepared each having 
given outside dimensions and apertures with a given di- 
mension, as shown in FIGS. 11 and 12. Each blank Is 
formed by etching a metal sheet. The blanks 40 and 45 
have their respective effective portions 41 and 46 and 
peripheral non-effective portions 42 and 47. The effec- 
tive portions 41 and 46 are formed having a large 
number of apertures as electron beam passage aper- 
tures. The non-effective portions 42 and 47 have their 
respective notches 43 and 48 and positioning holes 44 
and 49. 

[0065] The positioning holes 44 and 49 serve to ac- 
curately position and fix the blanks 40 and 45. In some 
cases, the apertures in the effective portions 41 and 46 
may be staggered or formed having different diameters. 
It is hard, therefore, to settle the respective positions of 
the blanks 40 and 45 with reference to the apertures of 
the effective portions 41 and 46. In this case, the shadow 
mask body blank 40 and the auxiliary mask blank 45 can 
be positioned securely and easily by means of the po- 
sitioning holes 44 and 49 that are situated in given po- 
sitions in the blanks 40 and 45. This positioning method 
is also an effective method for the case where the offset 
of the aperture positions is minor. 
[0066] The flat blanks 40 and 45 are superposed on 
each other after they are annealed to be improved in 
adaptability to press forming. The superposing opera- 
tion is easy if the auxiliary mask blank 45 is formed hav- 
ing a portion to serve as a skirt portion like that of the 
shadow mask body blank 40. The skirt portion of the 
blank 40 is provided with a plurality of notches 43 and 
a fixing portion for fixation to the maskf rame. If the blank 
45 is also provided with the skirt portion and the similar 
notches 48, the notches 43 and 48 can be used as ref- 
erences for temporary position alignment. Rough posi- 
tioning can be achieved if the blanks 40 and 45 are 
stacked on a jig with reference to the notches 43 and 
48, for example. 

[0067] As shown in FIG. 1 3, thereafter, the blanks 40 
and 45 are accurately aligned with each other with ref- 
erence to the positioning holes 44 and 49. If the posi- 
tioning holes 44 and 49 are not provided, the relative 
positions of the blanks 40 and 45 are adjusted by means 
of the apertures in the effective portions 41 and 46. After 
the positioning, the blanks 40 and 45 are adhered and 
fixed to each other. Preferably, in this case, the blanks 
40 and 45 should be fixed in a manner such that their 
respective entire effective portions are in intimate con- 
tact with each oth r. Diffused bonding, called a press 
bonding, or laser or resistance welding may be used for 



the fixation. In the welding operation, at least several 
weld beads (indicated by crosses in FIG. 1 3) are formed 
in the eff ctive portion 46 of the auxiliary mask blank 45. 
[0068] Laser welding is the most practical method for 
s fixing the blanks 40 and 45. In the case of diffused bod- 
ing, the two blanks must be subjected to high tempera- 
ture and high pressure, entailing special equipment, 
which raises the cost. Welding is favorable in view of 
cost performance. If the diameter of weld nuggets in- 
creases, however, the nuggets may possibly cause ap- 
ertures in the blanks to be deformed, that Is, to be par- 
tially narrowed or widened. If this deformation occurs, 
black spots like stains or high-luminance white spots are 
formed on the phosphor screen, constituting drawbacks 
on the picture plane. Thus, laser welding which minimiz- 
es the weld nugget diameter, is the most practical meth- 
od. 

[0069] Preferably, weld beams should be also provid- 
ed on the non-effective portions of the shadow mask 
body 14, including the aperture-free portion and skirt 
portion. If this Is done, a wider region can enjoy a falsely 
increased thickness, so that the mask strength can be 
improved. 

[0070] Then, the joined blanks 40 and 45 are press- 
formed simultaneously. FIG. 1 4 shows an example of a 
press tool 50 for press forming. The Illustrated example 
is a press tool that is used in the case where an auxiliary 
mask is fixed to the electron-gun-side surface of a shad- 
ow mask body. The basic configuration of the tool 50 is 
identical with that of a conventional press tool. The tool 
50 comprises a blank holder 51 and a die 52 for holding 
the non-effective portion of the blank 40 and a punch 53 
and a knockout 54 that have their respective curved sur- 
faces for drawing the blanks 40 and 45. 
[0071] In the tool 50 for press-forming the shadow 
mask of the present embodiment, the punch 53 is some- 
what different from a conventional one in shape.Xhe 
surface of the punch 53 is formed having a recess 55 
that is wide and deep enough to hold the auxiliary mask 
blank 45 therein. The presence of the recess 55 serves 
to prevent creation of differences in level on the bound- 
aries between the superposed and non-superposed re- 
gions of the press-formed shadow mask 7. 
[0072] In the present embodiment, the blanks 40 and 
45 are press-formed after they are fixed to each other 
in aflat state, in order to secure the positional accuracy 
of the apertures. As mentioned before, the respective 
positions of the apertures of the blanks 40 and 45 must 
be exactly aligned with one another. If an attempt is 
made to align the aperture positions of the blanks 40 
and 45 after the respective curved surfaces of the blanks 
40 and 45 are formed, the occurrence of any dislocation 
during the press forming operation results in deviation 
in the aperture positions. It is hard, therefore, to align 
the apertures of the blanks 40 and 45. Since the blanks 
40 and 45 are curved after they are press-formed, it is 
very hard to align their positions. 
[0073] According to the present embodiment, there- 
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fore, the blanks 40 and 45 are positioned and fixed In a 
flat state before they are press-formed. After the press 
forming, as in the case of the manufacture of a conven- 
tional color cathode ray tube, the shadow mask 7 is sub- 
jected to mask-blacking treatment for forming an oxide 
film thereon and is then fixed to the mask frame. 
[0074] According to a color cathode ray tube con- 
structed in this manner, the strength of the shadow mask 
can be improved without lowering the yield of production 
or causing uneven display. Thus, the resulting color 
cathode ray tube can enjoy an Improved Image quality 
level. 

[0075] According to the embodiment described 
above, the auxiliary mask 20 has a skirt portion. Alter- 
natively, however, an auxiliary mask 20 may be formed 
without a skirt portion, as shown In FIG. 15. FIG. 15 il- 
lustrates the profile of a shadow mask in comparison 
with the one shown in FIG. 5. Like reference numerals 
are used to designate corresponding portions in FIGS. 
5 and 15. 

[0076] As shown In FIG. 16, moreover, an auxiliary 
mask 20 may be located on the phosphor-screen side 
of a shadow mask body 14. In this case, the auxiliary 
mask 20 is fixed to the shadow mask body 1 4 in a man- 
ner such that larger holes 1 9a of the mask body 1 4 and 
smaller holes 25b of the mask 20 are In contact with one 
another. Further, the X-direction aperture pitch PH2 of 
the auxiliary mask 20 is set to be longer than the X-di- 
rection aperturepitch PH1 of the shadow mask body 14 
lest electron beams be intercepted by the respective in- 
ner surfaces of apertures 1 2 and 34. For other particu- 
lars on the relative positions of the apertures, the same 
effect can be obtained if the configuration of the forego- 
ing embodiment is suitably modified contrariwise. 
[0077] Furthermore, although the shadow mask de- 
scribed above has rectangular apertures, the present in- 
vention may also be effectively applied to a shadow 
mask that has circular apertures. 



Claims 

1 . A color cathode ray tube comprising: 

a panel (1) provided with a phosphor screen; 
an electron gun (10) for emitting an electron 
beam toward the phosphor screen; and 
a shadow mask assembly (6) located between 
the phosphor screen and the electron gun; 

characterized in that 

the shadow mask assembly (6) includes: 

a shadow mask body (1 4) having a rectangular 
effective portion (13) opposed to the phosphor 
screen and formed having a large number of 
electron beam passage apertures (12), the ef- 
fective portion having a major axis and a minor 



axis passing through the center thereof and ex- 
tending at right angles to each other, 
a mask frame (8) to which th periphery of the 
shadow mask body is fixed, and 

5 an auxiliary mask (20) in the form of a strip x- 

tendlng In the direction of the minor axis, fixed 
to a region containing the minor axis of the ef- 
fective portion, and having a number of electron 
beam passage apertures (26) communicating 

10 individually with the electron beam passage ap- 

ertures of the effective portion. 

2. A color cathode ray tube according to claim 1 , char- 
acterized in that said auxiliary mask (20) is fixed 

15 to a region having a width equal to about 1/3 of the 
length of the shadow mask body (1 4) In the direction 
of the major axis and situated in a longitudinal cen- 
tral region of the effective portion (1 3) containingthe 
minor axis. . 

20 

3. Acolor cathode ray tube according to claim 2, char- 
acterized in that said auxiliary mask (20) has a 
central axis extending in the longitudinal direction 
thereof and is located in a manner such that the cen- 

25 tral axis overlaps the minor axis of the shadow mask 
body (14). 

4. Acolor cathode ray tube according to claim 2, char- 
acterized in that said auxiliary mask (20) is in the 

30 form of a strip having a lengthwise dimension great- 
er than the length of the effective portion (13) of the 
shadow mask body (1 4) in the direction of the minor 
axis and a crosswise dimension smaller than the 
length of the effective portion in the direction of the 

35 major axis. 

5. Acolor cathode ray tube according to claim 4, char- 
acterized in that said shadow mask body (14) has 
a skirt portion (17) provided around the effective 

40 portion (13) and bent along a tube axis, and said 
auxiliary mask (20) has an effective portion (21) 
formed having the electron beam passage aper- 
tures (26) and non-effective portions (22) provided 
individually at the opposite ends of the effective por- 

45 tion with respect to the direction of the minor axis, 
the non-effective portions of the auxiliary mask be- 
ing bent so as to be superposed on the skirt portion 
and fixed to the skirt portion. 

50 6. A color cathode ray tube according to any one of 
claims 1 to 5, characterized in that said auxiliary 
mask (20) is formed of a material having a coeffi- 
cient of thermal expansion substantially equal to 
that of the material of the shadow mask body (14). 

55 

7. A color cathode ray tube according to any one of 
claim 1 to 6, characterized in that said auxiliary 
mask (20) has a thickness equal to or greater than 
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that of the shadow mask body (1 4). 

8. A color cathode ray tube according to claim 5, char- 
act rized In that the length of the effective portion 

(21 ) of said auxiliary mask (20) in a longitudinal di- s 
rection thereof Is greater than the length of the ef- 
fective portion of the shadow mask body (1 4) in the 
direction of the minor axis. 

9. A color cathode ray tube according to any one of to 
claims 1 to 8, characterized In that each electron 
beam passage aperture (26) of the auxiliary mask 
(20) has an aperture diameter larger than that of 
each electron beam passage aperture (12) of the 
shadow mask body (1 4) with respect to at least one 15 
of the respective directions of the major and minor 
axes. 

1 0. A color cathode ray tube according to claim 1 , char- 
acterized in that said auxiliary mask (20) is provid- 20 
ed on the electron-gun side of the shadow mask 
body (14), and the space between the electron 
beam passage apertures (26) of said auxiliary mask 

is smaller than the space between the electron 
beam passage apertures (1 2) of the shadow mask 25 
body (1 4) with respect to at least one of the respec- 
tive directions of the major and minor axes. 

11. A color cathode ray tube according to claim 10, 
characterized in that each electron beam passage 30 
aperture (12) of the shadow mask body (14) is 
formed of a larger hole (1 9a) opening on the phos- 
phor-screen side and a smaller hole (19b) opening 

on the electron-gun side, and each electron beam 
passage aperture (26) of the auxiliary mask (20) is 35 
formed of a smaller hole (25b) opening on the phos- 
phor-screen side and a larger hole (25a) opening 
on the electron-gun side. 

12. A color cathode ray tube according to claim 1, char- 40 
acterized in that said auxiliary mask (20) is provid- 
ed on the phosphor-screen side of the shadow 
mask body (14), and the space between the elec- 
tron beam passage apertures (26) of said auxiliary 
mask is greater than the space between the elec- 45 
tron beam passage apertures (12) of the shadow 
mask body (14) with respect to at least one of the 
respective directions of the major and minor axes. 

13. A color cathode ray tube according to claim 12, so 
characterized In that each electron beam passage 
aperture (12) of the shadow mask body (14) is 
formed of a larger hole (1 9a) opening on the phos- 
phor-screen side and a smaller hole (1 9b) opening 

on the electron-gun side, and each electron beam 55 
passage aperture (26) of the auxiliary mask (20) is 
formed of a larger hole (25a) opening on the phos- 
phor-screen side and a smaller hole (25b) opening 
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on the electron-gun side. 

1 4. A color cathode ray tube according to claim 1 , char- 
acterized In that said shadow mask body (14) has 
a plurality of apertur arrays extending parallel to 
the minor axis and arranged at spaces In the direc- 
tion of the major axis, each of the aperture arrays 
including electron beam passage apertures (12) ar- 
ranged in the direction of the minor axis and bridge 
portions (18) situated between adjacent electron 
beams passage apertures, and 

said auxiliary mask (20) has a plurality of ap- 
erture arrays extending parallel to the minor axis 
and arranged at spaces in the direction of the major 
axis, each of the aperture arrays including electron 
beam passage apertures (26) arranged in the direc- 
tion of the minor axis and bridge portions (27) situ- 
ated between adjacent electron beams passage ap- 
ertures, 

each of the electron beam passage apertures 
(26) of the auxiliary mask having a minor-axls-dl- 
rection diameter twice or more as large as the mi- 
nor-axis-direction diameter of each electron beam 
passage aperture (12) of the shadow mask body, 
the minor-axis-direction space between the elec- 
tron beam passage apertures of the auxiliary mask 
being twice as long as the minor-axis-direction 
space between the electron beam passage aper- 
tures of the shadow mask body, 

the bridge portions (27) of the auxiliary mask 
being superposed individually on the bridge por- 
tions (1 8) of the shadow mask body. 

15. A color cathode ray tube according to claim 1 , char- 
acterized in that said shadow mask body (14) has 
a plurality of aperture arrays extending parallel to 
the minor axis and arranged at spaces in the direc- 
tion of the major axis, each of the aperture arrays 
including electron beam passage apertures (12) ar- 
ranged in the direction of the minor axis and bridge 
portions (18) situated between adjacent electron 
beams passage apertures, and 

said auxiliary mask (20) has a plurality of ap- 
erture arrays extending parallel to the minor axis 
and arranged at spaces in the direction of the major 
axis, each of the aperture arrays including electron 
beam passage apertures (26) arranged in the direc- 
tion of the minor axis and bridge portions (27) situ- 
ated between adjacent electron beams passage ap- 
ertures, 

the effective portion (13) of the shadow mask 
body having a superposed region overlapping the 
auxiliary mask and a non-superposed region situat- 
ed outside the superposed region, 

a minor-axis-direction space between the 
electron beam passage apertures in the super- 
posed region being twice as long as the minor-axis- 
direction space betwe n the electron beam pas- 
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sage apertures In the non-superposed region, the 
minor-axis-direction space between the electron 
beam passage apertures of the auxiliary mask be- 
ing twice as long as the minor-axis-direction space 
between the electron beam passage apertures in s 
the non-superposed region, 

the bridge portions (27) of the auxiliary mask 
being located individually on the bridge portions 
(18) of the shadow mask body so as to be shifted 
in the direction of the minor axis by a margin equal 10 
to 1 /2 of the minor-axis-direction space between the 
electron beam passage apertures of the auxiliary 
mask. 
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